Microwave treatment and pH influence on hydroxyapatite morphology and structure by Yudin, A. et al.
Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.
Published under licence by IOP Publishing Ltd
PFSD-2018
IOP Conf. Series: Journal of Physics: Conf. Series 1145 (2019) 012003
IOP Publishing
doi:10.1088/1742-6596/1145/1/012003
1
Microwave treatment and pH influence on hydroxyapatite 
morphology and structure 
A Yudin
1*
, I Ilinykh
1
, K Chuprunov
1
, E Kolesnikov
1
, D Kuznetsov
1
, D Leybo
1
 and 
A Godymchuk
2,3 
1
Department of Functional Nanosystems and High-Temperature Materials, National 
University of Science & Technology "MISIS", 4 Leninsky Avenue, Moscow 119049, 
Russia 
2
Materials Science Department, Tomsk Polytechnic University, 30 Lenina Street, 
Tomsk 634050, Russia 
3
Chemistry Environmental Laboratory, Tobolsk Complex Scientific Station, Ural 
Branch of the Russian Academy of Science, 15 Akademician Osipov Street, Tobolsk 
626152, Russia 
 
*
E-mail: yudin@misis.ru  
 
Abstract.This paper reports the influence of microwave treatment duration and pH conditions 
of initial precursors on the morphological and crystalline dispersity of the hydroxyapatite 
(HAp) synthesized by hydrothermal method.The obtained HAp samples were studied by 
scanning electron microscopy, X-Ray diffraction method and low nitrogen adsorption method. 
We have obtained nanostructured crystalline hydroxyapatite with 95% crystallinity, porous 
structure and average particles size in interval 17…46 nm consolidated in aggregates with size 
distribution of 0.5…25 μm. The pH growth from 8 to 13 results in double increase of HAp 
specific area(from 69 up to 133 m2/g), meanwhile microwave irradiation brings to particles 
aggregation: HAp treated during 0…10…30 min have specific surface are 112…67…41 m2/g, 
respectively. As a result at pH=13 and without microwave irradiation treatment we synthesized 
HAp with maximum surface compared to the surface of natural HAp that makes obtained 
HApto be promising material in biotechnological applications. 
1. Introduction 
Hydroxiapatite is a class of widely used minerals, its chemical composition can be described by the 
equation M10(ZO4)6X2, where M is Ca
2+
, Mg
2+
, Sr
2+
, Ba
2+
, Mn
2+
, Fe
2+
, Zn
2+
, Cd
2+
, Pb
2+
, H
+
, Na
+
, K
+
, 
Al
3+
; ZO4–  PO4
3-
, AsO4
3-
, VO4
3-
, SO4
2-
, CO3
2-
, SiO4
4-
; X – OH-, F-, Cl-, Br-, O2-, CO3
2-
, lattice vacancy. 
Among the others, due to the special properties (crystallinity, crystal dispersity, porosity and 
stoichiometry) engineered calcium-phosphate apatite or hydroxyapatite (Ca10(PO4)6(OH)2) [1] has 
many perspectives as biomedical material to obtaine scaffold for tissue engineering [2-4], fillers for 
healing bone deffects [4-6] and drug-delivery systems [7, 8]. Meanwhile, hydroxyapatite (HAp) 
beeing a bone component is responsible for spatial grid and porous sponge tissue of bone structure [9-
11]. Besides, HAp’ morphology and crystal size in bone structure depends on bone orientation. 
Nanostructured HAp, as previously shown, demostrates good biocompatible propeties to bone 
tissue, strong osteoblast attachment, high proliferation and particular osteointegration in comparison 
with microsized HAp [3, 8, 12-14]. Nano-scale structure provides perfect sinterability and enhances 
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densification which and thereby improves mechanical properties of HAp. The morphology, dispersity, 
specific surface area provides influence on determining drug-delivery properties, loading and releasing 
properties [15]. Therefore, HAp biocompatibility and mechanical properties may be controlled via 
stoichiometry, specific surface area, morphology, cristallinity, dispersity, particle size distibution, and 
agglomeration state [16], and developing method of nanostructured HAp synthesis is of important task 
in biomedical sector. 
There are many methods of HAp synthesis as sol-gel [17-19], co-precipitation [20-22], 
hydrothermal [23-25], mechanochemical [26-28], plasma [29], laser ablation [30,31], microwave 
irradiation [32-34], electrospining [35] and solid-state synthesis [36, 37]. Microwave and 
hydrothermal methods have attached much interest since they are simple and provide nanostructure 
and inherent characteristics of the targeted HAp samples. Moreover, the morphology, dispersity, 
cristalinity and particle size distribution can be controlled via combination of the microwave irradition 
and hydrothermal methods. 
The aim of this paper is to estimate the influence of pH level and microwave treatment duration on 
morphology and crystallinity of hydroxyapatite synthesized by hydrothermal method. 
2. Materials and Methods 
2.1. Hydrothermal synthesis of hydroxyapatite 
Calcium nitrate tetrahydrate (Ca(NO3)2•4H2O, AR Grade CAS 13477-34-4), diammonium hydrogen 
phosphate (NH4)2HPO4, AR Grade) ammonium hydroxide (NH4OH, AR Grade, CAS 7664-41-7) 
produced by Reachem Co (Russia) were used as initial precursors to obtain HAp samples. All HAp 
samples were synthesized by hydrothermal method under different conditions (table 1).Generally we 
prepared 10%wt water solutions of all initial precursors by dissolving chemical in distilled water. The 
diammonium hydrogen phosphate solution was added to the calcium nitrate solution (equation 1). 
10Ca(NO3)2 + 6(NH4)2HPO4 + 8NH4OH→ Са10(РO4)6(OН)2 + 20NH4NO3                 (1) 
The obtained suspension was mixed by a mechanical mixer Heidolph RZR 2051 control. The ratio 
Ca/P was 1.67. The pH level (8, 10, and 13) of mixture was adjusted with 10 weight % NH4OH 
solution and monitored by pH-meter MP 230 Mettler Tolledo.Then 20 ml of suspension was exposed 
to microwave irradiation in a microwave Anton Paar (Austria) with microwave of 750 W at 150°C 
during 10, 20 and 30 min (HAp3, HAp4, and HAp5 in table 1).  
 
Table 1. Hydroxyapatites(HAp) synthesized by microwave irradiation assisted hydrothermal method. 
Sample 
Synthesis conditions 
pH Duration of microwave irradiation treatment 750 W, 
150 °C, min 
HAp#1 8 0 
HAp#2 10 0 
HAp#3 13 0 
HAp#4 10 10 
HAp#5 10 20 
HAp#6 10 30 
2.2. Examination of materials properties 
HAp morphology was studied by scanning electron microscope (SEM) Vega 3 (Tescan, Czech 
Republic). Phase composition and crystallinity were determined by X-Ray diffractometer Difray 401 
(Scientific Instruments, Russia) with the chromium radiation with wave length of 2.2909 Å. 
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Specific surface area (S) and pore size distribution of samples were studied via low temperature 
nitrogen adsorption by Brunauer-Emmett-Teller (BET) and Barrett-Joyne-Halenda (BJH) methods, 
respectively, using Nova 1200 e (Quantachrome, USA). The total pore volume and pore size analysis 
was made in the relative pressure interval 0.05 – 0.95. Based on specific surface area (S) we calculated 
average surface size (d) of particles having density of HAp (ρ=3.16 g/cm3) by experimental 
formula (2), used for conditionally spherical particles: 
d= 6(ρ·S)-1,                                          (2) 
Particle size distribution was investigated by laser diffraction method with an Analysette 22 
(Fritsch, Germany).We sonicated 5 g of each sample in 200 ml of distilled water. Obtained suspension 
was added at the Analysette 22 droplet by droplet. 
3. Results and discussion 
According to the patterns of X-Ray analysis all obtained samples include peaks of HAp phase at 2θ of 
39, 44, 49, 51, 63, 73, 77 and 84 degrees (HAp#1, HAp#2 and HAp#3, figure 1).The increasing 
duration of microwave irradiation treatment up to 30 min results in forming of calcium carbonate 
(peaks at 35, 44 and 50 degrees) in the samples HAp#4, HAp#5 and HAp#6 of the figure 1. 
 
 
Figure 1.X-Ray patterns of synthesized hydroxyapatites. 
 
Based on SEM analysis we concluded that synthesized HAps’ particles have irregular shape 
(figure 2). The obtained samples mostly consist from aggregates with the average size 0.5-25μm. The 
pH change has insignificant influence on HAp’ agglomeration: for aggregates it has been observed 
average size of 4.5±3.6 and 7.5±6.2 μm respectively at pH=8 (HAp#1 on figure 2), pH=10 (HAp#2 on 
figure 2) and pH=13(HAp#3 on figure 2). 
Microwave treatment obviously leads to deagglomeration since aggregates size decreased from 
25 μm (HAp#2, no treatment) to 15 μm (HAp#4, 10 min treatment). Despite slight effect of the 
treatment on aggregates size, duration did not cause formation of smaller particles (figure 2, HAp#5 
and HAp#6). At pH=13 HAp' aggregates consist from the flakes with size from 30 to 500 nm 
(figure 2, HAp#3). 
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Figure 2. SEM images of hydroxyapatites. 
 
Dispersive analysis has shown that obtained HAp samples have implicit bi-modal distribution with 
particle size distribution(PSD) in a wide range of 0.5-500 μm (figure 3). It has been revealed that pH 
value of initial mixture have no effect on the range of particle size distribution (figures 3a, 3b and 3c). 
Nevertheless at pH=10 there is implicit third peak in the PSD curve at d=250μm (figure 3b, HAp#2) 
additionally to two peaks at d=3-5μm and d=50-100 μm belonging also to PSD measured at pH 8 
(figure 3a, HAp#1) and 13 (figure 3c, HAp#3). The formation of large particles at pH=10 is supported 
by SEM data proving the formation of big aggregates (figure 2, sample HAp#2) 
The microwave irradiation treatment results in formatting smaller HAp' structures: we see a slight 
PSD shift of from 0.5-500 μm (0 min treatment of HAp#2, figure3b) to 0.5-300 μm (10 min treatment 
of HAp#4, figure 3d) and 0.5 – 200 μm (20 min treatment of HAp#5).However the treatment duration 
from 20 to 30 min does not change PSD range, it remains 0.5-200 μm as shown on the figures 3e and 
3f. 
Based on BET-analysis it has been shown that HAp particles have more developed structures in 
stronger basic medium (table 2) pH growth from 8 to 13 results in double increase of HAp specific 
area (table 2, samples HAp#1, HAp#2, HAp#3). Meanwhile, microwave irradiation brings to particles 
aggregation, proved by decrease of surface value (table 2, sample HAp#4, 10 min of treatment). 
Moreover, continuation of the treatment may cause further particles consolidation: HAPs treated 
during 0…10…20…30 min have average size of 17…28…27…46 nm, respectively. As a result at 
pH=13 and without microwave irradiation treatment (table 2, sample HAp#3) we obtained HAp with 
maximum surface of 133 m
2
/g compared to the surface of natural bone mineral in the range of        
100-200 m
2
/g [38]. 
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Fritsch Particle Sizer 'analysette 22'4_1
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 1.63% 1.000- 2.000µm= 4.88% 2.000- 3.000µm= 4.00%
3.000- 4.000µm= 3.00% 4.000- 5.000µm= 2.34% 5.000- 10.000µm= 7.79%
10.000- 20.000µm= 10.79% 20.000- 50.000µm= 22.13% 50.000- 100.000µm= 19.25%
100.000- 200.000µm= 14.94% 200.000- 300.000µm= 5.86% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 2.45% 400.000- 500.000µm= 0.77% 500.000- 600.000µm= 0.16%
600.000- 700.000µm= 0.02% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 1.675 µm 10.0 %  <= 2.849 µm 15.0 %  <= 4.618 µm
20.0 %  <= 7.356 µm 25.0 %  <= 11.092 µm 30.0 %  <= 15.565 µm
35.0 %  <= 20.588 µm 40.0 %  <= 26.178 µm 45.0 %  <= 32.315 µm
50.0 %  <= 39.248 µm 55.0 %  <= 47.269 µm 60.0 %  <= 56.405 µm
65.0 %  <= 67.196 µm 70.0 %  <= 80.325 µm 75.0 %  <= 96.830 µm
80.0 %  <= 118.330 µm 85.0 %  <= 147.921 µm 90.0 %  <= 191.631 µm
95.0 %  <= 264.010 µm 99.0 %  <= 396.695 µm
Mean Values...
D43 = 71.81 µm D42 = 24.87 µm D41 = 10.17 µm D40 = 5.68 µm
D32 = 8.61 µm D31 = 3.83 µm D30 = 2.44 µm
D21 = 1.7 µm D20 = 1.3 µm
D10 = 2.85 µm
Statistical Means...
Arithmetic Mean Diameter 71.81 µm Variance 7750.851 µm?
Geometric Mean Diameter 30.309 µm Mean Squre Deviation 88.039 µm
Quadratic Square Mean Diameter 113.27 µm Average Deviation 63.63 µm
Harmonic Mean Diameter 8.615 µm Coefficiant of Variation 122.599 %
Statistical Modes...
Skewness 2.003 Mode 59.181 µm
Curtosis 4.498 Median 39.244 µm
Span 4.808 Mean/Median Ratio 1.83
Uniformity 1.47
Specific Surface Area 6964.64 cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\09.01.2018\5_1.dat
 
Fritsch Particle Sizer 'analysette 22'1_1
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 0.73% 1.000- 2.000µm= 1.98% 2.000- 3.000µm= 1.76%
3.000- 4.000µm= 1.42% 4.000- 5.000µm= 1.22% 5.000- 10.000µm= 4.90%
10.000- 20.000µm= 6.20% 20.000- 50.000µm= 12.77% 50.000- 100.000µm= 18.06%
100.000- 200.000µm= 22.87% 200.000- 300.000µm= 15.82% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 8.57% 400.000- 500.000µm= 2.98% 500.000- 600.000µm= 0.64%
600.000- 700.000µm= 0.07% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 3.345 µm 10.0 %  <= 7.748 µm 15.0 %  <= 14.085 µm
20.0 %  <= 24.006 µm 25.0 %  <= 35.730 µm 30.0 %  <= 47.662 µm
35.0 %  <= 59.656 µm 40.0 %  <= 72.506 µm 45.0 %  <= 86.828 µm
50.0 %  <= 103.225 µm 55.0 %  <= 121.684 µm 60.0 %  <= 142.467 µm
65.0 %  <= 165.166 µm 70.0 %  <= 190.001 µm 75.0 %  <= 217.167 µm
80.0 %  <= 246.272 µm 85.0 %  <= 279.117 µm 90.0 %  <= 320.072 µm
95.0 %  <= 378.824 µm 99.0 %  <= 479.708 µm
Mean Values...
D43 = 138.03 µm D42 = 43.87 µm D41 = 8.93 µm D40 = 2.68 µm
D32 = 13.94 µm D31 = 2.27 µm D30 = .72 µm
D21 = .37 µm D20 = .16 µm
D10 = 7.75 µm
Statistical Means...
Arithmetic Mean Diameter 138.027 µm Variance 15207.154 µm?
Geometric Mean Diameter 71.472 µm Mean Squre Deviation 123.317 µm
Quadratic Square Mean Diameter 184.68 µm Average Deviation 101.064 µm
Harmonic Mean Diameter 13.941 µm Coefficiant of Variation 89.343 %
Statistical Modes...
Skewness .94 Mode 245.122 µm
Curtosis .201 Median 103.186 µm
Span 3.024 Mean/Median Ratio 1.338
Uniformity .95
Specific Surface Area 4303.93 cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\20.12.2017\HA_na prosev.dat
 
a) b) 
Fritsch Particle Sizer 'analysette 22'3_1
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 1.31% 1.000- 2.000µm= 3.79% 2.000- 3.000µm= 3.35%
3.000- 4.000µm= 2.69% 4.000- 5.000µm= 2.20% 5.000- 10.000µm= 7.40%
10.000- 20.000µm= 8.75% 20.000- 50.000µm= 17.24% 50.000- 100.000µm= 20.19%
100.000- 200.000µm= 21.18% 200.000- 300.000µm= 8.26% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 2.82% 400.000- 500.000µm= 0.71% 500.000- 600.000µm= 0.12%
600.000- 700.000µm= 0.01% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 1.972 µm 10.0 %  <= 3.544 µm 15.0 %  <= 5.887 µm
20.0 %  <= 9.356 µm 25.0 %  <= 14.278 µm 30.0 %  <= 20.705 µm
35.0 %  <= 28.369 µm 40.0 %  <= 36.963 µm 45.0 %  <= 46.533 µm
50.0 %  <= 56.778 µm 55.0 %  <= 67.945 µm 60.0 %  <= 80.286 µm
65.0 %  <= 94.158 µm 70.0 %  <= 109.961 µm 75.0 %  <= 128.337 µm
80.0 %  <= 150.418 µm 85.0 %  <= 178.269 µm 90.0 %  <= 216.330 µm
95.0 %  <= 275.530 µm 99.0 %  <= 390.553 µm
Mean Values...
D43 = 86.32 µm D42 = 29.71 µm D41 = 11.49 µm D40 = 6.11 µm
D32 = 10.23 µm D31 = 4.19 µm D30 = 2.53 µm
D21 = 1.72 µm D20 = 1.26 µm
D10 = 3.54 µm
Statistical Means...
Arithmetic Mean Diameter 86.318 µm Variance 8386.498 µm?
Geometric Mean Diameter 39.024 µm Mean Squre Deviation 91.578 µm
Quadratic Square Mean Diameter 125.513 µm Average Deviation 70.551 µm
Harmonic Mean Diameter 10.225 µm Coefficiant of Variation 106.093 %
Statistical Modes...
Skewness 1.498 Mode 107.401 µm
Curtosis 2.311 Median 56.746 µm
Span 3.752 Mean/Median Ratio 1.521
Uniformity 1.18
Specific Surface Area 5867.92 cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\09.01.2018\5_1.dat
 
Fritsch Particle Sizer 'analysette 22'1_2
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 0.89% 1.000- 2.000µm= 4.40% 2.000- 3.000µm= 4.49%
3.000- 4.000µm= 3.68% 4.000- 5.000µm= 2.95% 5.000- 10.000µm= 8.80%
10.000- 20.000µm= 8.42% 20.000- 50.000µm= 19.69% 50.000- 100.000µm= 25.99%
100.000- 200.000µm= 18.42% 200.000- 300.000µm= 2.19% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 0.09% 400.000- 500.000µm= 0.00% 500.000- 600.000µm= 0.00%
600.000- 700.000µm= 0.00% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 1.937 µm 10.0 %  <= 3.058 µm 15.0 %  <= 4.500 µm
20.0 %  <= 6.574 µm 25.0 %  <= 9.833 µm 30.0 %  <= 15.003 µm
35.0 %  <= 22.069 µm 40.0 %  <= 29.655 µm 45.0 %  <= 37.188 µm
50.0 %  <= 44.903 µm 55.0 %  <= 52.636 µm 60.0 %  <= 60.635 µm
65.0 %  <= 69.301 µm 70.0 %  <= 78.762 µm 75.0 %  <= 89.308 µm
80.0 %  <= 101.836 µm 85.0 %  <= 116.866 µm 90.0 %  <= 136.736 µm
95.0 %  <= 168.212 µm 99.0 %  <= 230.356 µm
Mean Values...
D43 = 58.38 µm D42 = 23.38 µm D41 = 10.49 µm D40 = 6.16 µm
D32 = 9.36 µm D31 = 4.44 µm D30 = 2.91 µm
D21 = 2.11 µm D20 = 1.62 µm
D10 = 3.06 µm
Statistical Means...
Arithmetic Mean Diameter 58.378 µm Variance 3113.951 µm?
Geometric Mean Diameter 29.037 µm Mean Squre Deviation 55.803 µm
Quadratic Square Mean Diameter 80.565 µm Average Deviation 44.351 µm
Harmonic Mean Diameter 9.364 µm Coefficiant of Variation 95.589 %
Statistical Modes...
Skewness 1.18 Mode 85.401 µm
Curtosis 1.272 Median 44.87 µm
Span 2.981 Mean/Median Ratio 1.301
Uniformity .96
Specific Surface Area 6407.71 cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\09.01.2018\5_1.dat
 
c) d) 
Fritsch Particle Sizer 'analysette 22'1_3
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 1.24% 1.000- 2.000µm= 5.52% 2.000- 3.000µm= 5.93%
3.000- 4.000µm= 5.23% 4.000- 5.000µm= 4.46% 5.000- 10.000µm= 15.07%
10.000- 20.000µm= 16.20% 20.000- 50.000µm= 25.62% 50.000- 100.000µm= 16.47%
100.000- 200.000µm= 4.21% 200.000- 300.000µm= 0.03% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 0.00% 400.000- 500.000µm= 0.00% 500.000- 600.000µm= 0.00%
600.000- 700.000µm= 0.00% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\frits h\10_90.FPV
5.0 %  <= 1.703 µm 10.0 %  <= 2.529 µm 15.0 %  <= 3.414 µm
20.0 %  <= 4.451 µm 25.0 %  <= 5.672 µm 30.0 %  <= 7.148 µm
35.0 %  <= 8.957 µm 40.0 %  <= 11.186 µm 45.0 %  <= 13.938 µm
50.0 %  <= 17.222 µm 55.0 %  <= 21.100 µm 60.0 %  <= 25.623 µm
65.0 %  <= 30.652 µm 70.0 %  <= 36.406 µm 75.0 %  <= 43.274 µm
80.0 %  <= 51.213 µm 85.0 %  <= 61.028 µm 90.0 %  <= 74.256 µm
95.0 %  <= 95.197 µm 99.0 %  <= 136.495 µm
Mean Values...
D43 = 29.31 µm D42 = 14.1 µm D41 = 7.48 µm D40 = 4.68 µm
D32 = 6.79 µm D31 = 3.78 µm D30 = 2.54 µm
D21 = 2.1 µm D20 = 1.55 µm
D10 = 2.53 µm
Statistical Means...
Arithmetic Mean Diameter 29.308 µm Variance 1008.276 µm?
Geometric Mean Diameter 15.161 µm Mean Squre Deviation 31.753 µm
Quadratic Square Mean Diameter 43.095 µm Average Deviation 24.299 µm
Harmonic Mean Diameter 6.787 µm Coefficiant of Variation 108.342 %
Statistical Modes...
Skewness 1.662 Mode 44.95 µm
Curtosis 3.225 Median 17.218 µm
Span 4.167 Mean/Median Ratio 1.702
Uniformity 1.31
Specific Surface Area 8840.32 cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\09.01.2018\5_1.dat
 
Fritsch Particle Sizer 'an lys tt  22'1_4
Interpolation Values...     C:\Program Files\a22___32\fritsch\1.FPS
0.050- 1.000µm= 2.34% 1.000- 2.000µm= 6.49% 2.000- 3.000µm= 6.05%
3.000- 4.000µm= 5.09% 4.000- 5.000µm= 4.28% 5.000- 10.000µm= 14.55%
10.000- 20.000µm= 16.34% 20.000- 50.000µm= 25.14% 50.000- 100.000µm= 15.36%
100.000- 200.000µm= 4.28% 200.000- 300.000µm= 0.06% 300.000- 300.000µm= 0.00%
300.000- 400.000µm= 0.02% 400.000- 500.000µm= 0.00% 500.000- 600.000µm= 0.00%
600.000- 700.000µm= 0.00% 700.000- 800.000µm= 0.00% 800.000- 900.000µm= 0.00%
Interpolation Values...     C:\Program Files\a22___32\fritsch\10_90.FPV
5.0 %  <= 1.417 µm 10.0 %  <= 2.176 µm 15.0 %  <= 3.023 µm
20.0 %  <= 4.007 µm 25.0 %  <= 5.195 µm 30.0 %  <= 6.636 µm
35.0 %  <= 8.394 µm 40.0 %  <= 10.557 µm 45.0 %  <= 13.158 µm
50.0 %  <= 16.250 µm 55.0 %  <= 19.899 µm 60.0 %  <= 24.199 µm
65.0 %  <= 28.991 µm 70.0 %  <= 34.631 µm 75.0 %  <= 41.411 µm
80.0 %  <= 49.514 µm 85.0 %  <= 59.625 µm 90.0 %  <= 73.246 µm
95.0 %  <= 95.609 µm 99.0 %  <= 140.976 µm
Mean Values...
D43 = 28.59 µm D42 = 12.96 µm D41 = 6.47 µm D40 = 3.8 µm
D32 = 5.87 µm D31 = 3.07 µm D30 = 1.94 µm
D21 = 1.61 µm D20 = 1.12 µm
D10 = 2.18 µm
Statistical Means...
Arithmetic Mean Diameter 28.593 µm Variance 1049.265 µm?
Geometric Mean Diameter 14.138 µm Mean Squre Deviation 32.392 µm
Quadratic Square Mean Diameter 43.085 µm Average Deviation 24.248 µm
Harmonic Mean Diameter 5.871 µm Coefficiant of Variation 113.287 %
Statistical Modes...
Skewness 1.92 Mode 34.14 µm
Curtosis 5.558 Median 16.241 µm
Span 4.38 Mean/Median Ratio 1.761
Uniformity 1.37
Specific Surface Area
10219.71
cm?/cm?
Density 1. g/cc
Form Factor 1. g/cc
C:\Àíäðåé\09.01.2018\5_1.dat
 
e) f) 
Figure 3. Particle size distribution of synthesized hydroxyapatites at various pH: a) pH=8 (HAp#1), 
b) pH=10 (HAp#2), c) pH=13 (HAp#3) and different duration of microwave irradiation treatment: 
b)  min (HAp#2), d) 10 min (HAp#4), e) 20 min (HAp#5) f) 3  in (HAp#6). 
 
Table 2.Specific surface area and calculated particles size of obtained hydroxyapatites 
Sa ple name HAp#1 HAp#2 HAp#3 HAp#4 HAp#5 HAp#6 
pH 8 10 13 10 10 10 
Duration of treatment, min  0  10 20 30 
pecific surface area, m
2
/g 69 ± 7 112 ± 11 133 ± 13 67 ± 7 69 ± 7 41 ± 4 
Particles size, nm 27 17 14 28 27 46 
 
All investigated samples show the adsorption/desorption isotherms with hysteresis loops attributed 
to capillary condensation of N2 in their mesoporous structure (figure 4a). This fact means, that 
obtained samples have mesoporous structure (figure 4b and 4c). Total pore volume depends on pH and 
demonstrates maximum for the sample HAp#2 (pH=10) (figure 4b and 4c). Also pH has influence on 
pore size distribution as it shown on figures 4d and 4e. The pH drop from 13 to 8 provides changes in 
pore size distribution: peak replaced from 3 to 8 nm for the adsorption data (figure 4d). Further for the 
desorption data, maximum of the pore size distribution moves from 8 to 5 nm with the increase pH in 
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interval of 8 – 13 (figure 4e). The microwave irradiation treatment provides agglomeration processes 
and decreases the total pore volume from 0.3 to 0.2 cm
3
/g (figures 4d and 4e). 
   
a) b) c) 
   
d) e) f) 
  
g) h) 
  
i) j) 
Figure 4. Initial loop hysteresis of HAp#1 (a), HAp#2 (b), HAp#3 (c), HAp#4 (d), HAp#5 (e), 
HAp#6 (f) total pore volume of HAp samples measured in the processes of adsorption (g), 
desorption (h) and pore size distribution measured in adsorption (i) and desorption (j). 
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4. Conclusion 
In this paper we have estimated the influence of pH level and microwave treatment duration on 
morphology and crystallinity of hydroxyapatite synthesized by hydrothermal method. It has been 
shown that used method helps to obtain nanostructured hydroxyapatite with irregular shape, 
microporous structure and the maximum total pore volume at maximum level of 0.5 cm
3
/g and 
average particles size of 17-46 nm concolidated in aggregates with size distribution of 0.5-25μm. 
Using presented system as a precursor it makes possible to obtain samples with phase composition 
like one phase HAp and combination of HAp and calcium carbonate phase that is slightly different 
[38]. 
However, we have obtained conflicting results concerning pH and treatment duration effect. On the 
one hand, both conditions bring to the formation of HAp phase. On the other hand, without microwave 
treatment we have HAp structures with surface of 112 m
2
/g (at pH=10) compared to 69 m
2
/g for 
treated samples. Moreover, continuation of the treatment causes particles consolidation: HAps treated 
during 0…10…20…30 min have average size of 17…28…27…46 nm, respectively. 
The developed synthesis method has allowed producing hydroxyapatite with surface of 133 m
2
/g 
close to the surface of natural hydroxyapatite (100-200 m
2
/g [38]), that supports to use synthesized 
material for the tissue engineering scaffolds, drug-delivery systems and bone fillers. 
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